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Objective: Prolonged preoperative fasting increases postoperative hospital length of stay and
current evidence recommends patients drink a carbohydrate-based liquid drink 2 h before surgery.
The aim of this study was to investigate whether the addition of hydrolyzed protein to a carbo-
hydrate-based drink would reduce both the inﬂammatory response and hospital length of stay.
Methods: We evaluated 22 patients of both sexes, undergoing gastrointestinal resection due to
cancer. Patients were randomized into two groups: control group (n ¼ 12; 6–8 h fast) and the
intervention group (n ¼ 10; fasted to solids for 6 h; and given a beverage containing 11% pea
protein hydrolysate and 89% carbohydrates (79% maltodextrin and 21% sucrose), 400 mL the night
before and 200 mL 3 h before surgery. Blood samples were collected the morning before surgery
and on postoperative day 2.
Results: Overall mortality was 4.5% (one case, control group). The duration of postoperative hospital
stay was twofold longer in the control group (P ¼ 0.04). A signiﬁcant increase of serum C-reactive
protein/albumin ratio was observed in controls compared with the intervention group (P ¼ 0.04).
Conclusion: The abbreviation of preoperative fasting time to 3 h using a solution containing
carbohydrates and hydrolyzed pea proteins reduces the acute-phase inﬂammatory response and
decreases the postoperative length of stay in patients undergoing major surgery for a malignancy.
 2013 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Perioperative care has been the subject of a number of studies
in the past decade. The beneﬁts of 6 to 8 h of preoperative fasting
in order to reduce the risk for pulmonary aspiration of gastric
content recently has been questioned in various studies [1,2].
Despite this, the “nothing by mouth after midnight” routine is
still prescribed by many surgeons and anesthesiologists due to
outdated concepts and paradigms [3]. Additionally, conventional
fasting often is prolonged when surgery is delayed. Hence, thetion, manuscript drafting,
nsible for sequence align-
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evier OA license.actual duration of the preoperative fast can be excessively long,
lasting from 10 to 16 h [2,3]. This may impair patients’ recovery
because the systemic response to surgical trauma is increased by
the prolonged period of fasting.
The acute-phase inﬂammatory response to major abdominal
surgeries is mediated by acute-phase proteins released by the
liver. These proteins increase or decrease within hours after the
trauma and may help to predict postoperative complications [4,
5]. In this context, the Prognostic Inﬂammatory and Nutritional
Index (PINI) proposed by Ingenbleek and Carpentier has been
used to predict the risk for morbidity and mortality [6]. The PINI
integrates two positive (C-reactive protein [CRP] and a-1-acid
glycoprotein [a-1-GA]) and two negative (albumin and pre-
albumin) acute-phase proteins. Studies have shown that
formulas using acute-phase proteins, such as the CRP/albumin
ratio, also may predict risks for hospitalized patients [7,8].
Beverages containing carbohydrates were evaluated and
recommended to abbreviate preoperative fasting [9,10].
Recently, formulas containing either protein or amino acid
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These new formulas may improve postoperative muscle strength
[11] and reduce fatigue, anxiety, and discomfort [12] as well as
lower the endocrine-metabolic response to trauma [13,14]. The
addition of glutamine to these drinks improved the inﬂamma-
tory response and nitrogen balance after laparoscopic cholecys-
tectomy in one study [15] and the hepatic and mitochondrial
metabolic response in two other recent studies [16,17].
However, the aforementioned studies were restricted to
patients who underwent laparoscopic cholecystectomy. We
questioned whether the abbreviation of preoperative fasting
would improve the inﬂammatory response and other clinical
outcomes after major surgery. Therefore, the aim of this study
was to investigate whether shortening the preoperative fast
using a solution containing carbohydrates and hydrolyzed
proteins alters the acute-phase response and clinical outcomes of
elective major operations of the digestive tract.
Material and methods
This was a randomized, single-blinded, clinical study carried out at the Julio
Muller University Hospital (Mato Grosso State, Brazil). This study was conducted
according to the guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects/patients were approved by the hospital
Research Ethics Committee registered under number 723/CEP-HUJM/09. Written
informed consent was obtained from all patients. The study was registered inFig. 1. CONSORT ﬂowchartClinicalTrails.gov under the number NCT01563965. External monitoring of the
study was carried out by the Research Ethics Committee of the Julio Muller
Hospital.
Inclusion criteria included adults ages 18 to 65 y old, both sexes, and
candidates for an elective laparotomy for gastrointestinal (GI) malignancies such
as subtotal gastrectomy, left or right colectomy, and anterior resection of the
rectum. Exclusion criteria were having diabetes mellitus, chronic kidney failure,
chronic liver disease, serum bilirubin >2 mg/dL, body mass index (BMI) >35 kg/
m2, American Anesthesiologists Association score >3, gastroesophageal reﬂux,
gastroparesis, or intestinal obstruction. Patients with any non-compliance with
the study protocol, who had associated operations, who experienced severe
intraoperative complications (any type of shock, cardiac arrest, or coagulations
problems), or those who experienced prolonged (>6 h) operative time also were
excluded.
On admission to the hospital, patients were randomized into two groups, an
intervention group and a control group, using random numbers issued by
a computer program (www.graphpad.com). For the randomization, the precepts
of the CONSORT ﬂow diagram were followed [18]. The intervention group
received 400 mL (on the evening before surgery) and 200mL (3 h before surgery)
of a solution containing 11% protein (hydrolyzed pea protein) and 89% carbo-
hydrates (79% maltodextrin and 21% sucrose) and 0% lipids (Providextra, Frese-
nius Kabi, Sao Paulo, Brazil). The control group received a conventional 6- to 8-h
preoperative fast. All the patients were fasted for solids for at least 6 h before
surgery.
On the day before the surgery and on postoperative day (POD) 2 blood
samples were collected for glucose, insulin, triglycerides, albumin, prealbumin,
CRP, and a-1-GA assays. The Homeostasis Model Assessment-Insulin Resistance
(HOMA-IR) equation was used as proposed by Matthews et al [19] to assess
insulin resistance according to the formula: HOMA-IR ¼ insulin (mU/mL) 
glucose (mg/dL)/405. Inﬂammatory activity was assessed with the PINI ¼ CRPof the randomization.
Table 1







Males (%) 6 (50) 2 (20) 0.20
Females (%) 6 (50) 8 (80)
Age (y) (mean  SD) 48  12 49  10 0.89
Type of surgery
Subtotal gastrectomy (%) 3 (25) 2 (20) Non-analyzed
Choledoco-jejunostomy (%) 1 (8.4) 0 (0)
Hemicolectomy þ
anastomosis (%)
4 (33.3) 3 (30)
Anterior resection of the
rectum (%)
4 (33.3) 5 (50)
Duration of the surgery (min)
(mean  SD)
228  98 234  58 0.88
Type of anesthesia
General (%) 4 (33.3) 4 (40.0) 1.00
General þ Blockage (%) 8 (66.7) 6 (60.0)
Preoperative fast (min)
(mean  SD)
754  160 240  50 <0.001
Subjective global assessment (N,%)
A- normal (%) 2 (16.6) 1 (10) 0.54
B- mild malnutrition (%) 3 (25) 1 (10)
C- severe malnutrition (%) 7 (58.4) 8 (80)
Body mass index (kg/m2) 24.4  5.4 25.0  3.9 0.79
Percentage of body weight
loss (meanSD)*
10  8 16  5 0.13
American Society of Anesthesiologists score
1 5 (41.7) 1 (10) 0.25
2 6 (50) 7 (70)
3 1 (8.3) 2 (20)
* 9 controls; 7 intervention.
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albumin ratio [8].
Except for the conventional fast of 6- to 8-h preoperative fast in control
groups, all patients received the ACERTO protocol, which consisted of perioper-
ative nutrition, preoperative information, no bowel preparation, reduced intra-
venous (IV) ﬂuids, early postoperative feeding, abdominal drains or nasogastric
tube only when necessary and early postoperative mobilization [20,21]. Nutri-
tional status was assessed by BMI and subjective global assessment [22]. Patients
considered malnourished or to be at nutritional risk received oral nutrition
supplements or enteral feedings for 7 to 10 d before surgery. Preoperative
mechanical bowel preparation was not prescribed. Patients received general
anesthesia alone or with epidural. A dose of 2 g of IV cefoxitin was given 1 h
before the surgical procedure and was repeatedwhen the surgery lasted for4 h.
Hydration with 2000 mL to 2500 mL of Ringer’s lactate was prescribed for 24 h
postoperatively. Postoperative feeding was programmed to begin the next day.
Analgesics included dipyrone (500 mg IV every 6 h) and ketorolac (30 mg IV
every 8 h). A single dose of 10 mg IV dexamethasone was injected before the end
of anesthesia andmetoclopramidewas prescribed 10mg IV every 6 h until POD 2.
Patients were encouraged to stay out of bed for 4 h on day 1 and gradually
increase this to 6 to 8 h by POD 3. Discharge was conditional on the following: no
pain or good pain control with oral analgesics, good bowel motility and intake of
solid foods, no IV ﬂuids, and willingness to go home.
The primary outcome variable was the postoperative hospital length of stay
(LOS). Other end points included infectious morbidity, insulin resistance assessed
by HOMA-IR, and the aforementioned biochemical indexes or markers of
inﬂammation.
Deﬁnitions
The following deﬁnitions were used:
1. infection of the surgical incision site
a) purulent drainage through the incision with or without laboratory
conﬁrmation or
b) isolation of organism from the wound or incision tissue and concomi-
tant presence of at least one of the following signs and symptoms: pain,
hypersensitivity, edema, hyperemia, or fever;
2. intra-abdominal infection
a) purulent ﬂuid within a drain or
b) isolation of organism from abdominal cavity tissue or secretion or
c) abscess found during reoperation, histopathologic examination, or
image scan;
3. urinary tract infection
a) urine culture with 100 000 or more colony forming units (CFU)/mL
with one or at most two bacterial species or
b) when two of the following were present: fever, urinary urgency,
increased urinary frequency, dysuria or suprapubic pain in addition to
one of the following laboratory ﬁndings: pyuria, presence of nitrites in
the urinary sediment, or positive bacterioscopy;
4. pneumonia: presence of new or progressive inﬁltrate, consolidation, cavi-
tation, or pleural effusion on chest X-ray in addition to clinical manifesta-
tions [23].Fig. 2. Mean (SEM) postoperative length of stay in the two groups*, P ¼ 0.04
(Mann-Whitney test).Statistical methods
The sample size calculation was based on the presupposition that the mean
postoperative hospital LOS in the intervention group would be 3 d less than that
of the control group. Eight cases in each study branchwere judged to be sufﬁcient
to ensure 80% power (b error) and 5% signiﬁcance (a error). All continuous data
were initially analyzed for homogeneity by the Levene test and for normality by
the Kolmogorov-Smirnov test. Either the Student’s t test or the Mann-Whitney
test was then applied accordingly. The repeated measures analysis of variance
was used to compare the evolution of both the biochemical parameters and the
inﬂammatory indexes from the preoperative to postoperative period and the
Bonferroni test was used to compare themain effects. A signiﬁcance level of 5% (P
< 0.05) was used. The data were presented as a mean and SD or as a median and
variance. All the calculations were performed using the Statistical Package for the
Social Sciences (SPSS) for Windows 11. 0.
Results
Thirty patients were eligible: 15 were randomly allocated to
each group. Eight patients were excluded for different causes,
and 10 patients remained in the intervention group and 12 in the
control group. Figure 1 shows the ﬂowchart of the study. Theclinical aspects and demographic characteristics of the patients
are shown in Table 1. All procedures were performed by qualiﬁed
surgeons using open laparotomy. There were no anesthetic
complications and no cases of aspiration or vomiting during
induction of anesthesia. The overall mortality was 4.5% (one case
in the control group). The overall morbidity was 40.9% (nine
cases); infectious complications were the most frequent at 31.8%
(seven cases). Infectious complications occurred in four cases
(33.4%) in the control group and in three cases (30%) in the
intervention group (P ¼ 1.00). One patient in the control group
developed pneumonia; there were two cases of intra-abdominal
sepsis (due to anastomotic breakdown) and one case of wound
infection in each of the groups. Two patients in the intervention
group developed non-infectious complications (prolonged
postoperative ileus and atrial ﬁbrillation).
Table 2
Changes in serum glucose, serum insulin, and HOMA-IR from preop to POD 2 in the two groups
Variable Control group (n ¼ 12) Intervention group (n ¼ 10) P-value
Preop POD 2 Preop POD 2 Within-group Between-group
Serum glucose (mg/dL) 93 (26) 100 (37) 82 (7) 104 (16) <0.01 0.68
Serum insulin (mg/dL) 3.6 (2.8) 4.2 (3.0) 6.1 (3.2) 6.6 (2.8) 0.44 0.04
HOMA-IR 0.92 (0.82) 1.25 (1.55) 1.23 (0.65) 1.70 (0.82) 0.15 0.34
ANOVA, analysis of variance; HOMA-IR, Homeostasis Model Assessment-Insulin Resistance; POD, postoperative day; preop, preoperative
Data are mean (SD). Repeated measures ANOVA. The within-groups interaction tests for all variables were not signiﬁcant (P > 0.05)
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Figure 2 shows the postoperative hospital LOS in the two
groups. A signiﬁcant (P ¼ 0.04) twofold longer hospital LOS was
found in the control group (median 14 d, mean 15.6 d, range,
4–34 d) when compared with the intervention group (median 7
d, mean 8.1 d, range, 4–17 d). In non-complicated patients, there
was a trend to a shorter postoperative LOS in the studied group
(intervention group: median 6.5 d, mean 6.1 d, range, 4–8
d versus control group: median 9.5 d, mean 9.1 d, range, 4–15 d;
P ¼ 0.09). The same trend was observed in complicated patients
(intervention group: median 10 d, mean 11 d, range, 7–17
d versus control group: median 24 d, mean 22.8 d, range, 8–34 d;
P ¼ 0.06).
Serum glucose, serum insulin, and HOMA-IR
Changes in serum glucose, serum insulin, and HOMA-IR are
shown in Table 2. There was no signiﬁcant difference between
the two groups except that serum insulin was greater in the
intervention group. Serum glucose increased from the preoper-
ative period to POD 2 in both groups (P < 0.01).
Inﬂammatory markers
The changes in the acute-phase proteins and inﬂammatory
indexes are shown in Table 3. Only serum prealbumin did not
signiﬁcantly change overtime. All other inﬂammatory markers
changed from preoperative period to POD 2 in both groups. The
control group showed a tendency toward a lower serum albumin
than the intervention group. The CRP/albumin ratio was signif-
icantly greater in control group when compared with the inter-
vention group (Fig. 3).
Discussion
The overall ﬁndings of this study showed that the intake of
a beverage containing carbohydrate plus pea protein hydrolysate
3 h before the induction of anesthesia is both safe and associated
with beneﬁts to patients undergoing major surgery for GI malig-
nancies. Themain outcome of the present study was a signiﬁcantTable 3
Changes in the inﬂammatory markers from preop to POD 2 in the two groups
Variable Control group (n ¼ 12) Inte
Preop POD 2 Preo
CRP (mg/L) 20.4 (26.6) 180.8 (62.0) 17
Albumin (g/dL) 3.8 (0.7) 2.8 (0.5) 4
Prealbumin (g/L) 0.25 (0.10) 0.22 (0.26) 0.3
a1-glycoprotein (mg/dL) 147.0 (112.4) 164.2 (59.3) 132
PINI 12.8 (31.8) 96.3 (112.5) 3
CRP/albumin ratio 6.9 (10.9) 64.9 (24.0) 4
ANOVA, analysis of variance; CRP, C-reactive protein; PINI, Prognostic Inﬂammatory
Data are mean (SD). Repeated measures ANOVA. The within-groups interaction testsdecrease in the postoperative LOS associated with the abbrevia-
tion of preoperative fasting using this beverage. Additionally, the
patients in the intervention group had a lower postoperative
inﬂammatory reaction than the controls. These ﬁndings are quite
relevant and suggest that the shortening of preoperative fastwith
pea protein hydrolysate in the carbohydrate-based drink in this
subset of patients may be effective.
The abbreviation of preoperative fasting to 2 h with clear
ﬂuids or carbohydrate-enriched drinks is recommended bymany
anesthesiology societies [24–26]. However, the addition of either
amino acids or hydrolyzed proteins to the carbohydrate-based
beverages may confer postoperative beneﬁts. Randomized
studies reported that patients who drank this type of solution 2 h
to 3 h before surgery lost less urinary nitrogen [15] and acquired
greater muscle strength [11]. In agreement, our ﬁndings showed
that this type of solution was associated with a reduced post-
operative inﬂammatory response and a shortened postoperative
hospital LOS after laparotomy for GI malignancies.
The type of carbohydrate contained in the beveragewe tested
was a mixture of maltodextrin and sucrose. Maltodextrin is
a sweet, easily digested carbohydrate made from cornstarch. It
contains small chains of several dextrosemolecules held together
byveryweakhydrogenbonds. Consequently, it is absorbedslower
than sucrose and thus makes maltodextrin an excellent carbo-
hydrate for preoperative drinks. The solution containing both
maltodextrin and sucrose may better activate more transport
mechanisms in the intestinal lumen and thereby facilitate faster
energy uptake and hydration [27]. Adding hydrolyzed proteins to
a carbohydrate-baseddrinkwas reportedbyHenriksen et al. They
found a signiﬁcant decrease in the activity of muscular glycogen
synthase (a rate-limiting enzyme for glucose storage as glycogen)
in patients who received preoperative hydrolyzed soy protein
supplemented carbohydrate-rich drinks before undergoing
major abdominal surgery. In accordance, other studies also found
either clinical or metabolic beneﬁts with either glutamine or
whey protein supplemented carbohydrate-rich preoperative
drinks [15,16]. Pea protein hydrolysate has rapid gastric emptying
and is probably more effective than soybean hydrolysate. Pea
protein hydrolysate plus carbohydrate induces both higher
insulin and glucagon responses than soybeanprotein hydrolysate
plus carbohydrate [28]. Additionally, pea proteinhydrolysatemayrvention group (n ¼ 10) P-value
p POD 2 Within-group Between-group
.5 (19.9) 154.5 (30.4) <0.001 0.16
.2 (0.5) 3.2 (0.2) <0.001 0.07
0 (0.16) 0.17 (0.76) 0.14 0.93
.3 (47.5) 179.3 (40.1) 0.01 0.94
.4 (5.2) 64.6 (50.5) <0.01 0.39
.2 (4.9) 48.0 (10.5) <0.001 0.04
and Nutritional Index; POD, postoperative day; preop, preoperative
for all variables were not signiﬁcant
Fig. 3. Changes in serum CRP/albumin ratio in the two groups overtime 1.
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properties that may confer beneﬁts to the patient [29].
As expected, preoperative insulin levels were higher in the
intervention group than in the control group patients, who had
lower serum insulin levels in response to an overnight fast [11].
Serum glucose increased in both groups and was not different
between patients who did or did not drink the energy-rich
beverage. Insulin resistance, measured by the HOMA-IR test,
was similar in the two groups. This ﬁnding differed from other
studies reported by our group in which we found a signiﬁcantly
higher HOMA-IR in patients who received a carbohydrate-
enriched drink 2 to 3 h before a less-aggressive operation such
as laparoscopic cholecystectomy [8,15,30]. However, in our
earlier studies, the HOMA-IR was evaluated 10 to 12 h after the
operation. In the current study, blood samples were collected on
POD 2 when patients were already receiving oral or enteral
nutrition. This early initiation of postoperative feeding in the two
treatment groups may explain their similar ﬁndings in this study.
CRP is a positive acute-phase protein and its level correlates
well with inﬂammation intensity and may predict postoperative
complications [4,5]. In contrast, a decrease of negative
acute-phase proteins, such as albumin and prealbumin, is ex-
pected after trauma, due to the inhibition of their synthesis by
proinﬂammatory cytokines [5]. Hypoalbuminemia however, is
one of the suggested parameters to conﬁrm preexisting malnu-
trition in surgical patients [31]. The serum albumin concentra-
tion frequently has been regarded as an indicator of nutritional
status, although hypoalbuminemia may reﬂect an acute-phase
protein response during inﬂammation mediated by cytokines
[4]. Changes of serum proteins and electrolytes between the
extravascular and intravascular space also are affected by the
infusion of large amounts of ﬂuid (as in the case of patients
during postoperative period) [4,20]. Our ﬁndings indicated that
in the intervention group the expected inﬂammatory response
after surgery occurred but was less intense. Signiﬁcantly,
changes of CRP/albumin ratio were found in both groups but this
index of inﬂammation was greater in controls. This ﬁnding is
relevant and suggests that a lower inﬂammatory response
occurred in the group fed with carbohydrates plus pea hydro-
lyzed protein 3 to 4 h before surgery. This more intense inﬂam-
matory responsemay be responsible for amore prolonged LOS in
the control group. In the present study, PINI values similarly
increased in the two groups. In agreement, PINI values were not
different in another study that compared 8-h fast with 2- to 3-h
fast in patients undergoing cholecystectomy [8].
The most important result of this study, however, was the
shorter postoperative hospital LOS observed in the intervention
group. A recent meta-analysis of randomized trials conducted bythe Enhanced Recovery After Surgery (ERAS) group showed that
a reduction of 2.5 d in postoperative LOS and approximately 50%
less risk for postoperative complications was associated with the
ERAS protocol [32]. The ACERTO protocol, which is very similar to
the ERAS protocol, also reduced the LOS by 2 d, in a non-
homogenous cohort of patients [21]. One of the key features of
both protocols is the abbreviation of preoperative fasting with
a carbohydrate load 2 h before the induction of anesthesia. In the
present study, all patients received the ACERTO protocol [21]
except for the shortening of preoperative fasting in the control
group. This result suggests the importance of a metabolic pre-
conditioning drink for patients undergoing an operation.
Although the LOS is mostly inﬂuenced by postoperative compli-
cations, our ﬁndings showed a trend toward a shorter stay in the
intervention group in both complicated and non-complicated
patients. In contrast, Mathur et al did not ﬁnd a signiﬁcant
difference in the LOS in a similar randomized trial involving
patients who were submitted to either open or laparoscopic
elective colorectal surgery. However, the LOS was reduced by 2
d in the subset of patients who underwent a laparotomy among
the group who received the carbohydrate-enriched drink, with
a trend toward statistical signiﬁcance (P ¼ 0.054) [33].
Notably, the programmed preoperative fasting times in both
our study groups were prolonged. Indeed, patients in the inter-
vention group were induced after approximately 4 h of fasting
and the control group after 12 h. The facts that delays in surgery
frequently prolong fasting was reported earlier by our group [2,8,
21]. Both surgeons and anesthesiologists should keep in mind
that such extended fasting is likely to occur and therefore should
be audited in every institution due to its potentially harmful
consequences.
One possible criticism for this study is the small number of
cases. However, we performed sample-size calculations aiming
for a power analysis above 80%. If a difference in treatment can be
detectedwith a small sample (but with sufﬁcient power analysis)
adding participants may only increase duration and costs of the
study. We believe that samples should be large enough to detect
important and likely differences, reasonable enough to be
feasible, and small enough to detect efﬁcient therapies. The
ﬁndings of this study also may be minimized by the absence of
a third group to drink a beverage containing only carbohydrates.
Thus further studies are necessary to clarify this point.
Conclusion
The shortening of the preoperative fast to 3 h using a drink
containing carbohydrates and pea protein hydrolysate reduced
both the acute-phase inﬂammatory response and the post-
operative hospital LOS. Thus we concluded that the abbreviation
of preoperative fasting with carbohydrates plus pea hydrolyzed
protein not only is safe but also may enhance the recovery of
patients who undergo major abdominal operations due to GI
malignancies.
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